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Translated  fro®  7oprosy  Yirusoloeii  (USSR),  4:  2:  198-204,  1959,  by  the 
Technical  Library,  Jfechniual_Inform^ipn_DJy^B  ion  _ _ _ _ _ 

During  the  past  5-7  years  the  tissue-culture  method  has  acquired  a  great 
significance  in  virologies!  investigations .  low,  the  important  characteristic 
of  any  virus  is  not  only  its  pathogenicity  for  laboratory  animals,  but,-  also, 
it™  pathogenicity  for  tissues  in  vitro.  It  is  known  from  the  literature  that 
the  tick-borna  encephalitis  virus  propagates  readily  in  chick-embryo  tissue 
cultures  according  to  the  Meytlandov  method  (1-3 ),  in  cultures  of  human  embry¬ 
onic  tissues  with  plasma  (4,  5),  and  in  chick-embryo  and  HeLa  cell  cultures 
without  plasma  (6). 

¥b  studied  the  adaptation,  the  intensity  of  growth,  and  the  ability  of  the 
tick-borne  encephalitis  virus  to  induce  a  specific  cytopathogenic  effect  in 
vitro,  depending  ca  the  type  of  tissue.  In  our  t,tudy  of  the  condition'-  of  the 
virus's  reproduction  we  used  tissues  of  animals  that  are  highly  or  slightly 
susceptible  to  tick-borne  encephalitis;  slso  used  were  connective-tissue  and 
epithelian  elements,  both  normal  and  malignant,  and  also  embryonic  or  post¬ 
natal  tissues  of  humans  and  animals. 

The  experiments  were  conducted  with  the  strain  "Sof'in,"  which  has  been 
passed  on  in  the  laboratory  in  white  mice  since  1937. 

Plasma  cultures  were  prepared  from,  the  skin-Hruacle,  lung  and  kidney 
tissues  of  a  human  embryo,  from  the  skin-arusole  tissue  of  white  mice  and  rats, 
and  from  the  tissue  of  a  chick  embryo.  Monkey  and  dog  kidney  tissues  were 
tryj  inired.  The  inoculation  of  the  plasma  cultures  was  aade  48-72  hours  after 
the  explant;  trypsinized  cells  and  HeL&  cells  were  Inoculated  on  the  6th~7fch 
day  of  growth  after  a  single  change  of  the  nutrient  medium.  The  tissue  cul¬ 
tures  were  grown  in  Inder'a  medium,  or  in  a  medium  consisting  of  bovine  amni- 
otic  fluid,  40  $,  Hank's  solution,  40  'jf>,  and  inactivated,  bovine  serum  ,  20  i>. 

In  the  inoculation  of  the  cultures  we  were  using  medium  No.  4l  according  t 
Barski,  Snder's  medium,  and  medium  No.  199. 

By  cultivation  of  the  tick-borne  encephalitis  virus  in  the  various  tissue 
cultures  we  were  able  to  produce  its  regular  propagation.  The  passages  in  the 
culture  containing  the  skin-muscle  tissue  of  a  human  embryo  were  carried  out 
40  times ;  in  the  kidney  and  lung  tissue  of  the  human  embryo,  in  the  He La  cells. 


and  in  the  chick -embryo,  white-mouse  and  rat  tissues  it  was  carried,  out  5*7 
times;  and  in  the  monkey  and  dog  trypslnized  cells  it  was  carried  out  4  times. 

In  table  1  are  presented  the  data  from  the  fifth  passage's  viral  titration, 
by  the  method  of  intracerebral  inoculation  of  white  mice,  In  the  cultures  of  the 
various  tissues. 

As  is  evident  from  the  table  the  virus's  maximum  tiiars  were  observed  in 
all  of  the  tissues  during  the  3rd-8th  dr-  of  cultivation.  The  highest  titer  of 
the  v  rus  was  received  in  the  cultures  of  skin-muscle  tissue  of  a  hua&n  embryo 
and  in  the  HeLa  cells  (lg  1*1)50  6-3—6- 5)-  The  titer  of  the  virus  dropped  on  the 
eighth  day  after  inoculation,  although  the  virus  retained  its  viability  in  the 
tissue  cultures  relatively  long.  The  virus  was  detected  up  to  44  days  after 
inoculation  into  the  cultures  q£  humar  embryonic  skin- ruscle  tissue  without 
changes  of  the  cultural  fluidi^  'The  virus  was  detected  in  the  cultural  fluid  of 
the  HeLa  cells,  where  the  medium  was  changed  every  3~4  days,  on  the  25th  day 
after  inoculation.  By  the  40th  passage  the  dilution  of  the  rr iginal  viral 
inoculum  reached  10  ,  the  cumulative  titer  in  lg  LD50  for  the  mic^  in  an 

intracerebral  titration  amounted  to  200.32;  chs  cumulative  titer  2/  in  lg 
TT0PB50  37  was  216.2,  These  data  indicate  an  Intense  viral  propagation  in  the 
tissue  culture.  The  lowest  viral  titers  were  in  the  cultures  of  chick-embryo 
lung  tissue  and  white-mouse  embryonic  skin-muscle  tissue  (the;  lg  LD50  amounted 
to  3. 0-4.0). 

An  expressed  cytopathogenic  effect  was  registered  in  the  cultures  of  the 
human  embryonic  skin-muscle  and  kidney  tissue.  There  was  no  cytopathogenic 
action  detected  on  the  human  lung  tissue  in  vitro.  A  cytopat hog  vale  effect  was 
observed  in  the  cultures  of  human  skin-muscle  tissue  from  the  first  passage. 

The  first  indicat iono  of  cellular  destruction  could  be  noted  within  1-2  days 
with  a  low-power  magnification  of  a  microscope.  Complete  disintegration  of  the 
tissue  came  later,  on  the  4h-5th  day.  The  incubation  period  of  the  cytopatho¬ 
genic  action  was  decreased  to  three  days,  according  to  the  measure  of  passage. 

The  brain  suspension  that  was  used  for  the  passage  in  the  tissue  cultures  was 
titrated  in  a  parallel-test  inoculation  of  tissue  cultures  and  white  (alee.  The 
final  results  of  the  experiments  in  the  tissue  cultures  were  read  on  the  14th 
day  after  inoculation,  and  in  the  mice  -  on  the  21st  day.  The  viral  titers  in 
the  tissue  cultures  and  in  the  mice  were  approximately  the  same  and  amounted  to 
10'.  Later,  we  conducted  a  comparative  titration  of  the  cultural  fluid  of  the 
12th  passage  (table  2). 

It  is  evident  from  table  2  that  the  viral  titers  in  the  tissue  cultures 
somewhat  exceeded  the  titers  in  the  mice,  but  the  pattern  of  the  virus  accumu¬ 
lation,  with  its  maximum  release  into  the  cultural  fluid  on  the  3rd~8th  day, 
persisted. 

After  the  28th  passage  we  observed  the  ; henomenon  of  the  virus's  autointer¬ 
ference.  In  the  tissue  cultures  inoculated  with  the  whole  cultural  fluid  the 
cytopathogenic  effect  developed  at  later  periods  (7th  day)  and  the  cells  were 
not  completely  destroyed  (the  intensity  of  degeneration  did  not  exceed  /  or  //)&/ 
In  the  tissue  cultures  inoculated  with  dilutions  of  the  cultural  liquid,  1:100 
to  1:1,000,  an  expressed  cytopathogenic  effect  was  registered  on  the  third  day 
after  inoculation  (the  intensity  of  degeneration  was  ///  or  ////). 
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Li  tfcf>  process  of  growing  th®  tick-borne  encephalitis  rires  in  the  human 
ekia-CTiacle  tissue  we  detected  that  the  virus's  cytopathogenlc  effect  was  not 
induced  if  we  used  a  cultural  liquid  that  had  been  kept  at  r,  temperature  below 
0°G  for  the  inoculation  instead  of  the  native  cultural  fluid.  A  10—%  brain 
suspension  that  had  beer,  prepared  on  a  serum  medium  lost  its  cell-disintegrating 
ability  after  a  two-week  retention,  although  the  propagation  of  the  virus  con¬ 
figur'd,  Evidently  the  factors  stipulating  the  destructive  effect  of  the  virus 
on  the  cells  lover  or  lose  their  activity  at  &  temperature  below  0°C.  With  the 
use  of  a  defrosted  cultural  liquid  in  the  passage  the  cytopathogenlc  action 
of  the  virus  was  restored  only  after  3-5  passages. 

The  specificity  of  the  virus's  cytopatnogenic  effect  was  determined  by 
extinguishing  it  with  serum  from  a  patient  suffering  from  tick- borne  encepha¬ 
litis.  for  this  purpose,  equal  amounts  of  the  cultural  fluid  from  the  23rd 
passage  and  frees  a  10-#  brain  suspension  (1,000  TTbPD^q)  were  mixed  with  equal 
amounts  of  serum  in  dilution  of  1:4-1:512.  As  a  control  ve  used  mixtures  of 
equal  amounts  of  the  viral  suspension  and  human  whole  serum  (Control  Ho.  1), 
the  viral  suspension  and  a  serum  specifically  Immune  to  Japanese  encephalitis 
(Control  Ho,  2),  and  1,000  TTsPD^g  of  the  virus  without  serum  (Control  Ho.  J). 
After  the  mixtures  were  retained  at  room  temperature  for  one  hour  they  were 
then  introduced  into  tissue  cultures.  Tb«*  results  were  read  on  the  3rd-5th 
day  afier  inoculation  (table  3). 

A  cytopathogenlc  effect  was  registered  in  all  of  the  test  tubes  inoc¬ 
ulate  dwith  the  mixture  of  the  vims  and  the  normal  human  serum  and  the  mix¬ 
ture  of  the  virus  and  the  serum  immune  to  Japanese  encephalitis,  and  in  the 
test  tubes  inoculated  with  1,000  TTsPD50  of  the  virus.  The  titers  of  the 
serum  containing  the  brain  and  cultural  antigen  were  practically  the  same. 

The  aerur  that  was  taken  from  the  patient  on  the  5th  and  15th  day  of  the 
disease  neutralized  the  virus  in  the  white  mice  and  In  the  tissue  cultures. 

Both  in  the  mice  and  in  the  tissue  cultures  an  inc-jase  of  antibodies  was 
noted  by  the  ifth  day  of  the  disease.  The  nutrient  medium  exei^s  a  great  In¬ 
fluence  on  the  development  of  th*1  virus's  cytopathogenlc  effect. 

It  has  been  noted  in  our  work  (5)  that  medium  Ho.  199  is  not  favorable 
for  the  development  of  the  tick-borne  encephalitis  virus's  cytopathogenlc 
effect.  This  is  possible  due  to  the  less  intense  reproduction  of  the  virus 
in  the  tissue  cultures  containing  this  medium  (viral  titers  are  0. 5-1.0  lg 
LB 50  lower).  Tbs  presence  of  a  salt  solution  in  the  nutrient  medium  ex  ts  a 
favorable  influence  (Hanks,  Sarle  or  Tirode),  With  the  use  of  Snder's  medium, 
which  does  not  contain  the  3alt  solution,  the  cytopathogenlc  effect  comes  1-2 
days  la*  r  arid  the  cellular  destruction  is  not  always  complete,  Reisslg  Black 
and  Helnick  explain  the  delay  In  the  cytopathogen ic  effect  by  the  lack  of 
amiao  acids,  particularly  glutamine,  as  well  as  by  the  lack  of  some  salts  in 
the  medium.  Inactiv«ted  horse  serum  is  more  favorable  than  cow  serum  fc-  devel¬ 
oping  the  cytopathogenlc  effect  of  the  virus.  The  titers  of  cyt opathogenl city 
in  the  tissue  cultures  with  the  horse  sere  "  were  always  higher  than  those  with 
the  cow  serin... 

in  the  cultures  containing  the  kidney  tissue  of  a  human  embryo,  disinte¬ 
gration  of  the  fibroblasts  was  observed  with  the  same  regularity  as  in  the 
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skin-muscle  tissue.  But  the  epithelian  cells,  which  comprise  30-50  $  of  an  out¬ 
growth  of  young  cell",  were  not  destroyed,  by  the  virus. 

The  cyto pathogenic  action  of  the  tick-borne  encephalitis  virus  was  noted 
also  in  the  cultures  containing  the  skin-muscle  tissue  of  a  white-rut  embryo. 
Cellular  disintegration,  however,  was  not  registered  in  all  of  the  passages.  The 
cytopathogenic  effect  was  absent  in  the  second  and  sixth  passages  of  tne  seven 
conducted.  The  incubation  of  the  cytopathogenic  effect  amounted  to  7-9  days  and 
was  not  lowered  by  the  degree  of  subiaocttlat. ion.  The  titers  ;f  the  eytopatho- 
genlcity  were  low  -  an  lg  TTsPDcq  of  2.0-2. 5,  whereas  the  titers  of  the  same 
cultural  fluid  in  the  mice  reached  an  lg  LD^q  of  5-7«  The  virus's  cytopathogenic 
effect  was  suppressed  in  the  presence  of  the  specific  immune  serum. 

Evaluation  of  Results 

In  the  cultivation  of  the  tissues  in  vitro,  all  of  the  tissues  selected  for 
the  test  proved  tc  bo  susceptible  to  the  tick-borne  encephalitis  virus.  The  virus 
adapted  readily  to  all  of  the  tissues  tested  and  reproduced  from  the  first  pas¬ 
sage.  Viral  propagation  was  observed  in  the  cultures  of  tissues  from  animals  that 
are  highly  and  slightly  susceptible  to  tick-borne  encephalitis.  White-rat  and  dog 
tissues  were  used  as  the  tissues  of  animals  that  are  weakly  susceptible  to  tick- 
borne  encephalitis.  In  the  cultures  of  skim-muscle  tissue  cf  a  white-rat  embryo 
the  viral  titers  reached  10**'  and  the  virus  displayed  a  cytopathogenic  effect. 
The  cultures  of  skin-muscle  tissue  of  mice,  in  spite  of  the  high  susceptibility 
of  mice  to  the  tick-borne  encephalitis  virus  in  vivo,  proved  to  be  a  less  suit¬ 
able  medium  for  the^virus'a  propagation.  The  maximum  viral  titers  achieved  on 
this  tissue  were  10  .  As  is  well  known,  the  first  stage  in  the  virus's  propa¬ 
gation  cycle  is  adsorption  of  the  virus  by  the  cell.  Probably,  one  of  the  factors 
of  cellular  susceptibility  to  the  virus  is  the  different  ability  of  the  cells 
to  adsorb  the  virue,  whereupon  this  ability  evidently  differs  in  the  same  tissues 
in  vivo  and  in  vitf1. 

A  comparat ively  wide  Bpectrum  of  epithelian  and  connective  t*  ^ues  from  the 
various  animals  proved  to  be  suitable  for  tne  propagation  of  the  tick-borne 
encephalitis  virus.  The  cytopathogenic  effect,  however,  was  noted  only  in  the 
cultures  of  fibroblasts  from  the  skin-muscle  and  kidney  tissues  of  the  human 

embryo  and  the  white  rat.  The  virus  acquired  a  high  selectivity  in  the  develop¬ 

ment  of  the  cytopathogenic  effect  on  the  t'ssu  i£  vitro.  It  was  not  re^-dtered 
in  the  cultures  of  human  lung  tissue  in  spite  of  a  preeminent  growth  of  fibro¬ 
blasts.  Evidently,  the  fibroblasts  of  the  lung  and  skin-muscle  tissues,  while 
having  a  single  morphological  structure,  differ  in  their  metabolism  la  vitro, 
and  lack  the  necessary  conditions  for  the  development  of  the  mechanism  stipulat¬ 
ing  the  virus's  cytopathogenic  effect. 

Of  the  tissues  on  which  the  virus  did  not  show  a  cytopathogenic  effect,  a 
strain  of  HeLa  cells  proved  to  H  the  most  sensitive  to  the  tick-'orno  encephali¬ 
tis  virus.  The  viral  titer  in  the  cultural  fluid  on  the  HeLa  cells  was  just  as 

high  (lg  LD^q  of  6-5)  as  in  the  cultures  of  human  skin-muscle  tissue,  on  which  a 
cytopathogenic  effect  was  developed.  The  absence  of  the  virus's  cytopathogenic 
effect  on  the  HeLa  cells  is  explained,  possibly,  by  the  epithelian  origin  of  this 
strain.  It  is  r.ot  clear  whether  the  HeLa  cells'  high  sensitivity  to  the  virue  is 
related  to  t.helr  origin  from  a  malignant  tumor. 
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We  did  not  propose  a  comparative  study  of  cultivation  of  the  virus  on 
embryonic  and  postnatal  tissues  of  any  eort  of  animal.  Basically,  we  used 
embry-nic  tic  sues.  The  monkey  and  dog  kidneys  ana  the  He La  cells  were  postnatal 
tissues.  There  was  no  relationship  observed  between  the  reproduction  of  the 
virus  and  the  age  of  the  tissue.  The  viral  titers  in  the  culture  of  monkey 
kidney  tissue  and  in  the  culture  of  the  chick  embryo  were  about  the  same. 

Thus,  the  cytopathogenie  effect  of  the  tick-vorne  encephalitis  virus  was 
registered  only  in  the  connective-tissue  elements  of  the  human  embryo  and  the 
white  rat.  A  cytopathogenie  effect  was  not  noted  in  a  single  tissue  of  epi- 
theiian  origin.  The  lung  tissue  of  the  human  embryo,  the  fibroblasts  of  white 
mice,  which  are  highly  sensitive  in  vivo  to  tick-borne  encephalitis,  and  the 
fibroblasts  of  the  chick  embryo  proved  to  be  unresponsive  for  the  development 
of  the  virus's  cytopathogenie  effect.  The  ability  of  the  tissue  to  produce  the 
cytopathogenie  dffect  was  unrelated  to  the  degree  of  the  animal's  susceptibil¬ 
ity  to  tick-borne  encephalitis  in  vivo.  Also,  the  intensity  of  the  viral  prop¬ 
agation  did  not  show  an  effect  on  the  cellular  destruction.  The  HeLa  strain, 
on  which  the  virus  reached  high  titers,  preserved  morphological  stability 
during  the  cultivation  of  the  virus. 

Conclusions 


1.  The  tick-borne  encephalitis  virus  is  successfully  reproduced  in  tissue 
cultures  of  the  human  embryo,  HeLa  cells,  mo.ikey  and  dog  kidney  tissue,  skin- 
rnascle  tissue  of  white  mice  and  rate,  and  in  cultures  of  the  various  tissues 
cf  the  chick  embryo. 

2.  The  maximum  viral  titers  in  all  of  the  tissue  cultures  are  observed 
on  the  3rd-8th  day  after  inoculation. 

3.  The  most  intensive  propagation  of  the  virus  is  noted  in  the  cultures 
of  the  human  skin-muscle  tissue  and  the  HeLa  ceils. 

4.  A  cytopathogenie  effect  is  registered  regularly  in  the  cultures  of 
human  ssin-muscle  and  kidney  tissues  on  the  2nd-4th  day  after  inoculation. 

5.  The  viral  titers  determinable  according  to  the  cytopathogenie  effect 
coincide  with  the  titers  on  the  mice. 

6.  The  virus's  cytopathogenie  does  not  occur  in  the  presence  of  sorum 
from  a  tick-borne  encephalitis  patient. 

?.  A  cytopathogenie  effect  is  registered  in  some  passages  in  cultures 
of  the  embryonic  skin-muscle  tirsue  of  the  white  rat. 

8.  The  virus's  cytopath  genic  effect  is  not  develop*,  'n  cultures  of 
human  lung  tissue,  HeLa  cells,  monkey  and  dog  kidney  tissue,  skin-muscle 
tissue  of  white  mice,  and  tissues  of  the  chick  embryo. 
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Footnotes 

1 ]  According  to  our  observations  an  active  virus  was  preserved  in  the  cul¬ 
tures  of  this  type  for  a  period  of  35-^  days. 

2/  The  cumulative  titer  represents  the  sum  of  the  viral  titers  in  the  cul¬ 
tural  fluids  of  40  consecutive  passages. 

2/  TTsPD^o  i-0  the  dose  producing  a  cytopathogenic  effect  in  50  of  the 
test  tubes  containing  the  tissue  cultures  (the  titer  of  the  virus  in  the  testing 
in  the  cultures  of  tissue). 

4 /  The  calculation  of  the  intensity  of  cellular  degeneration  was  made  by 
the  plus  system. 
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Table  I 

The  pattern  cf  the  accumulation  of  the  tick-borne  encephalitis  virus  in 
cultures  of  human  and  animal  tissues  (lg  LD50  according  to  Beed  and  Meusch). 


Day  after  inoculation 
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2nd 

3rd 

4th 

5th 

6th 

8th 

10th 

12th 
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5,5 

- 
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*  Material  from  the  4th  paseage 

♦*  Investigation  not  conducted 


Table  __ 

The  data  of  the  comparative  titration  of  the  tick-borne  encephalitis 
virus  in  cultures  of  human  embryonic  skin-muscle  tissue  and  on  mice. 
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